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SHAPED ELECTRODES AND METHODS FOR 
ELECTROSURGICAL CUTTING AND ABLATION 

CROSS - REFERENCE TO RELATED APPLICATIONS 

The present invencion is a continuation-in-part of 
application Serial No. 08/551,958, filed on November 22, 199S 
(Attorney Docket 1S238-000700) , which was a continuation-in- 
part of Serial No, 08/485,219, filed on June 7, 1995 (Attorney 
Docket 16238-000600), which was a continuation-in-part of PCT 
International Application, U.S. National Phase Serial No. 
PCT/U594/05163, filed on May 10, 1994 (Attorney Docket 16238- 
000440) , which was a continuation- in-part of application 
Serial No. 08/059,631, filed on May 10, 1993 (Attorney Docket 
16238-000420) , which was a continuation-in-part of application 
Serial No. 07/958,977, filed on October 9, 1992 (Attorney 
Docket 16238-000410) , which v/as a continuation-in-part of 
application Serial No. 07/817,575, filed on January 7, 1992 
(Attorney Docket 15238-000400) , the full disclosures of which 
are incorporated herein by reference. 

In addition, applicant is concurrently filing two 
other cases with similar disclosures (Attorney Docket Nos . 
1S238-001S10 and 1S238 -001520 ) . 

BACKGROUND OP THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the field 
of electrosurgery and, more particularly, to surgical devices 
and methods which employ high frequency voltage to cut and 
ablate tissue. 

The field of electrosurgery includes a number of 
loosely related surgical techniques which have in common the 
application of electrical energy to modify the structure or 
integrity of patient tissue. Electrosurgical procedures 
usually operate through the application of very high frequency 
currents to cut or ablate tissue structures, where the 


WO 98/03220 


PCT/US97/12266 


operation can be monopolar cr bipolar. Monopolar techniques 
rely on external grounding of the patient, where the surgical 
device defines only a single electrode pole. Bipolar devices 
comprise both electrodes for zhe application of current 
between their surfaces. 

Electrosurgical procedures and techniques are 
particularly advantageous since they generally reduce patient 
bleeding and trauma associated with cutting operations. 
Current electrosurgical devices and procedures, however, 
suffer from a number of disadvantages. For example, monopolar 
devices generally direct electric current along a defined path 
from the exposed or active electrode through the patient's 
body :o the return electrode, which is externally attached to 
a suitable location on the patient. This creates the 
potential danger that the electric current will flow through 
undefined paths in the patient's body, thereby increasing the 
risk of unwanted electrical stimulation to portions of the 
patient's body. In addition, since the defined path through 
the patient's body has a relatively high impedance (because of 
the large distance or resistivity of the patient's body), 
large voltage differences must typically be applied between 
the return and active electrodes in order to generate a 
current suitable for ablation or cutting of the target tissue. 
This current, however, may inadvertently flow along body paths 
having less impedance than the defined electrical path, which 
will substantially increase the current flowing through these 
paths, possibly causing damage to or destroying tissue along 
and surrounding this pathway. 

Bipolar electrosurgical devices have an inherent 
advantage over monopolar devices because the return current 
path does not flow through the patient. In bipolar 
electrosurgical devices, both the active and return electrode 
are typically exposed so that they may both contact tissue, 
thereby providing a return current path from the active to the 
return electrode through the tissue. One drawback with this 
configuration, however, is that the return electrode may cause 
tissue desiccation or destruction at its contact point with 
the patient's tissue. In addition, the active and return 
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electrodes are typically positioned close together to ensure 
that the return current flows directly from the active to the 
return electrode. The close proximity of these electrodes 
generates the danger that the current will short across the 
electrodes, possibly impairing the electrical control system 
and/or damaging or destroying surrounding tissue. 

The use of electrosurgical procedures (both 
monopolar and bipolar) in electrically conductive environments 
can be further problematic. For example, many arthroscopic 
procedures require flushing of the region to be treated with 
isotonic saline (also referred to as normal saline) , both to 
maintain an isotonic environment and to keep the field of 
viewing clear. The presence of saline, which is a highly 
conductive electrolyte, can also cause shorting of the 
electrosurgical electrode in both monopolar and bipolar modes . 
Such shorting causes unnecessary heating in the treatment 
environment and can further cause non-specific tissue 
destruction. 

Present electrosurgical techniques used for tissue 
ablation also suffer from an inability to control the depth of 
necrosis in the tissue being treated. Most electrosurgical 
devices rely on creation of an electric arc between the 
treating electrode and the tissue being cut or ablated to 
cause the desired localized heating. Such arcs, however, 
often create very high temperatures causing a depth of 
necrosis greater than 500 /im, frequently greater than 800 /xm, 
and sometimes as great as 1700 ^ni. The inability to control 
such depth of necrosis is a significant disadvantage in using 
electrosurgical techniques for tissue ablation, particularly 
in arthroscopic procedures for ablating and/or reshaping 
fibrocartilage, articular cartilage, meniscal tissue, and the 
like . 

In an effort to overcome at least some of these 
limitations of elect rosurgery, laser apparatus have been 
developed for use in arthroscopic and other procedures. 
Lasers do not suffer from electrical shorting in conductive 
environments, and certain types of lasers allow for very 
controlled cutting with limited depth of necrosis. Despite 
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these advantages, laser devices suffer from their own set of 
deficiencies. In the first 'place, laser equipment can be very 
expensive because of the costs associated with the laser light 
sources. Moreover, those lasers which permit acceptable 
5 depths of necrosis (such as eximer lasers, erbium: YAG lasers, 
and the like) provide a very low volumetric ablation rate, 
which is a particular disadvantage in cutting and ablation of 
f ibrocartilage, articular cartilage, and meniscal tissue. The 
holmium:YAG and NdrYAG lasers provide much higher volumetric 

10 ablation rates, but are much less able to control depth of 
necrosis than are the slower laser devices. The C0 2 lasers 
provide high rate of ablation and low depth of tissue 
necrosis, but cannot operate in a liquid- filled cavity. 

For these and other reasons, improved systems and 

15 methods are desired for the electrosurgical ablation and 
cutting of tissue. These systems and methods should be 
capable of selectively cutting and ablating tissue, while 
limiting the depth of necrosis and limiting the damage to 
tissue adjacent to the treatment site. 

20 

2. Description of the Background Art 

Devices incorporating radio frequency electrodes for 
use in electrosurgical and electrocautery techniques are 
described in Rand et al. (1985) J. Arthro. Surg. 1:242-246 and 

25 U.S. Patent Nos. 5,281,216/ 4,943,290; 4,936,301; 4,593,691; 
4,228,800; and 4,202,337. U.S. Patent Nos. 4,943,290 and 
4,936,301 describe methods for injecting non-conducting liquid 
over the tip of a monopolar electrosurgical electrode to 
electrically isolate the electrode, while energized, from a 

30 surrounding electrically conducting irrigant. U.S. Patent 
Nos. 5,195,959 and 4,674,4 99 describe monopolar and bipolar 
electrosurgical devices, respectively, that include a conduit 
for irrigating the surgical site. 

U.S. Patent No. 5,290,286 describes bipolar 

35 electrosurgical instruments including a pair of closely spaced 
conductive electrodes with distal curves to provide scoop- like 
excision in tissue. U.S. Patent No. 5,035,696 describes a 
bipolar electrosurgical cutting wire for a retrograde 
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sphincterotomy. The bipolar cutting wire may be powered using 
an eiectrosurgical generator designed to deliver high levels 
of output power into bipolar devices operating at low 
imDedances. U.S. Patent No. 4,034,762 describes a biooiar 
eiectrosurgical apparatus that utilizes square waves at output 
voltage levels of 200 to 4 00 volts with spikes in the waveform 
with peak voltage values of about 420 volts. U.S. Patent Nos. 
4,969,885 and 4,092,986 teach the advantages of using 
substantially constant voltage output electrosurgery 
generators . 

SUMMARY OF THE INVENTION 

The present invention provides a system and method 
for selectively applying electrical energy to structures 
within or on the surface of a patient's body. The system and 
method allow the surgical team to perform eiectrosurgical 
interventions, such as ablation and cutting of body 
structures, while limiting the depth of necrosis and limiting 
damage to tissue adjacent the treatment site. The system and 
method of the present invention are particularly useful for 
surgical procedures within accessible sites of the body that 
are suitable for electrode loop resection, such as the 
resection of prostate tissue and leiomyomas (fibroids) located 
within the uterus, and for procedures within confined (e.g., 
narrow) spaces within the patient's body, such as the spaces 
around the articular cartilage between the femur and tibia and 
the spaces between adjacent vertebrae in the patient's spine. 

The system according to the present invention 
comprises an eiectrosurgical probe having a shaft with a 
proximal end, a distal end, and at least one active electrode 
at or near the distal end. A connector is provided at the 
proximal end of the shaft for electrically coupling the active 
electrode to a high frequency voltage source. The active 
electrode includes at least one active portion having a 
surface geometry configured to promote substantially high 
electric field intensities and associated current densities 
between the active portion and the target site when a high 
frequency voltage is applied to the electrodes. These high 
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electric field intensities and current densities are 
sufficient to break down the tissue by processes including 
molecular dissociation or disintegration. The high frequency 
voltage imparts energy to the target site to ablate a thin 
5 layer of tissue without causing substantial tissue necrosis 

beyond the boundary of the thin layer of tissue ablated. This 
ablative process can be precisely controlled to effect the 
volumetric removal of tissue as thin as a few layers of cells 
with minimal heating of or damage to surrounding or underlying 
10 tissue structures . 

In an exemplary embodiment, the high electric field 
intensities at the active portion of the active electrode may 
be generated by positioning the active electrode and target 
site within an electrically conducting liquid, such as 

IS isotonic saline, and applying a high frequency voltage that is 
sufficient to vaporize the electrically conducting liquid over 
at least a portion of the active electrode in the region 
between the active portion of the active electrode and the 
target tissue. Since the vapor layer or vaporized region has 

20 a relatively high electrical impedance, it increases the 

voltage differential between the active electrode tip and the 
tissue and causes ionization within the vapor layer due to the 
presence of an ionizable species (e.g., sodium when isotonic 
saline is the electrically conducting fluid) . This 

25 ionization, under optimal conditions, induces the discharge of 
energetic electrons and photons from the vapor layer and to 
the surface of the target tissue. A more detailed description 
of this phenomena can be found in application Serial No. 
08/561,958, filed on November 22, 1996 (Attorney Docket 16238- 

30 000700) , the complete disclosure of which has already been 
incorporated herein by reference. 

Suitable electrode surface geometries for producing 
sufficiently high electric field intensities to reach the 
threshold conditions for vapor layer formation may be obtained 

3 5 by producing sharp edges and/or corners at the active portion 
of the active electrode (s) . Alternatively, the electrode(s) 
may be specifically designed to increase the edge/surface area 
ratio of the active portion. Electrode shapes according to 
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the present invention can include the use of formed wire 
(e.g., by drawing round wire through a shaping die) to form 
electrodes with a variety of cross -sectional shapes, such as 
square, rectangular, L or V shaped, or the like. Electrode 
edges may also be created by removing a portion of the 
elongate metal electrode to reshape the cross-section. For 
example, material can be removed along the length of a solid 
or hollow wire electrode to form D or C shaped wires, 
respectively, with edges facing in the cutting direction. 
Alternatively, material can be removed at closely spaced 
intervals along the electrode length to form transverse 
grooves, slots, threads or the like along the electrodes. 

Additionally or alternatively, the active electrode 
surface (s; may be modified through chemical, electrochemical 
or abrasive methods to create a multiplicity of surface 
asperities on the electrode surface. The asperities on the 
surface of the active electrode (s) promote localized high 
current densities which, in turn, promote bubble nucleation at 
the site of the asperities whose enclosed density (i.e., vapor 
density) is below the critical density to initiate ionization 
breakdown within the bubble. For example, surface asperities 
may be created by etching the active electrodes with etchants 
having a PH less than 7.0 or by using a high velocity stream 
of abrasive particles (e.g., grit blasting) to create 
asperities on the surface of an elongated electrode. 

In a preferred embodiment, the system includes a 
return electrode spaced proximally from the active electrode. 
The return electrode may be integral with the shaft of the 
probe, or it may be separate from the shaft (e.g., on a liquid 
supply instrument) . In an exemplary embodiment, the return 
electrode defines a liquid pathway for flow of electrically 
conducting liquid therethrough. The liquid is directed past 
the surface of the return electrode and over the active 
electrode to thereby provide a return current flow path 
between the target tissue site and the return electrode. A 
more complete description of methods and apparatus for 
generating a liquid current flow path between the active and 
returns electrodes can be found in application Serial No. 
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08/485,219, filed on June 7, 1995 (Attorney Docket 16238- 
000600) , the complete disclosure of which has previously been 
incorporated herein by reference. 

In another aspect of the invention, zhe active 
5 electrode will also have a M non- active 11 portion or surface to 
selectively reduce undesirable current flow from the non- 
active portion or surface into tissue or surrounding 
electrically conducting liquids (e.g., isotonic saline, blood 
or blood/non-conducting irrigant mixtures) . Preferably, the 

10 "non-active" electrode portion will be coated with an 

electrically insulating material. This can be accomplished, 
for example, with plasma deposited coatings of an insulating 
material, thin- film deposition of an insulating material using 
evaporative or sputtering techniques (e.g., SiO, or Si 3 N<) , dip 

15 coating, or by providing an electrically insulating support 
member to electrically insulate a portion of the external 
surface of the electrode. The electrically insulated non- 
active portion of the active electrode (s) allows the surgeon 
to selectively ablate tissue, while minimizing necrosis or 

20 ablation of surrounding non- target tissue or other body 
structures . 

In one representative embodiment, an electrosurgical 
resecting instrument is provided having a resecting electrode 
on the distal end of a shaft and coupled to a high frequency 

25 voltage source. The resecting electrode is configured to fit 
within a working end of a resectoscope (discussed below) and 
to remove small portions of tissue (e.g., chips of tissue). 
Preferably, the loop electrode has an elongate body with first 
and second ends disposed near the distal end of the shaft to 

30 form a loop electrode for removing tissue portions and for 

providing visibility through the loop (i.e., with an optical 
viewing scope positioned within the resectoscope) . The loop 
electrode may have a variety of shapes, e.g., V-shaped, square 
or the like. Preferably, the loop electrode has a semi- 

35 circular- shape to facilitate rapid resection of tissue chips 
from the target site. 

The elongate body of the loop electrode includes an 
active portion with a surface geometry configured to promote 
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substantially high electric field intensities and associated 
current densities between z'r.e active portion and the target 
site when a high frequency voltage is applied to the 
electrode. Preferably, the electric field intensities 
generated around the active portion of the loop electrode are 
sufficient to reach the threshold conditions for vapor layer 
formation between the electrode and the tissue, as discussed 
above. To that end, the active portion of the loop electrode 
can be formed with edges, corners, surface asperities or a 
combination thereof, to maximize the electric field 
intensities around the active electrode. 

In a preferred configuration, the loop electrode 
will have a semi -cylindrical cross-section formed by, for 
example, removing material from a round or hollow tube to form 
two or more edges on one side of the loop electrode. 
Preferably, the edges will be oriented substantially parallel 
to the shaft so that they will face the tissue as the shaft is 
moved axially in the cutting direction. This orientation 
facilitates formation of the vapor layer between the electrode 
edges and the tissue. The opposite or non-active side of the 
electrode may include an insulating layer to selectively 
reduce undesirable current flow from the non-active portion 
into tissue or surrounding electrically conducting liquids. 

In an exemplary embodiment, the elongate body of the 
resecting loop electrode lies in a plane that defines an 
obtuse angle with the shaft. In this way, the resecting loop 
electrode defines an obtuse angle with the usual cutting 
direction as the surgeon moves the resecting instrument 
parallel to the target tissue. Usually, the resecting loop 
electrode will define an angle of about 110° to 160° with the 
shaft, and preferably about 120° to 140. This orientation 
increases the portion of the resecting loop electrode that is 
in contact with the tissue rather than exposed to electrically 
conducting liquid. Consequently, it significantly improves 
the ease of initiating the requisite conditions for formation 
of the vapor layer to ablate and cut tissue. In addition, 
this resecting loop electrode orientation increases the 
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duration of electrode contact with tissue, thereby improving 
hemostasis of the resected tissue. 

The resecting loop instrument of the present 
invention will usually include a return electrode for 
completing the current path between the active electrode and 
the tissue site. The return electrode may be formed on the 
shaft of the resecting loop electrode, on the resectoscope, or 
in a separate instrument. In a preferred configuration, the 
return electrode is formed on a separate return electrode 
oversheath that includes an electrically conducting hollow 
tube sized to receive the resecting loop shaft so that the 
active loop electrode extends beyond the distal end of the 
hollow tube. The return electrode tube is insulated on its 
inner and outer surfaces except for an exposed portion that is 
spaced proximally from the active electrode to generate a 
current flow path therebetween. The return electrode 
oversheath may include a liquid path for allowing electrically 
conducting liquid to flow over the exposed portion to 
facilitate the formation of the current flow path. 

In an alternative embodiment of the resecting loop 
instrument, the return electrode sheath is insulated on its 
inner and outer surfaces except for an exposed portion that 
extends beyond (i.e., overhangs) the distal end. of the sheath. 
The exposed portion generates a current flow path between the 
resecting loop electrode and the return electrode. If the 
return electrode is used in conjunction with and positioned 
over an insulated resecting loop shaft, the return electrode 
oversheath will be insulated on its outer surface only. 

In an exemplary embodiment, the return electrode 
oversheath includes a proximal hub for connecting the 
oversheath to a conventional or specialized resectoscope, such 
as those commercially available from Circon/ACMI of Stamford, 
Connecticut (under the tradename of "USA Elite System 
Resectoscope") and Olympus Corporation of Lake Success, N.Y. 
(under the tradename of "OES Resectoscope", Model No. A-2012) . 
In this configuration, the return electrode tube is sized to 
receive the resectoscope shaft, which usually includes a 
viewing lumen to provide viewing of the surgical site. The 
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proximal hub will also include a suitable electrical connecter 
for electrically coupling the return electrode to an 
electrosurgical generator. 

In another representative embodiment, an 
5 electrosurgical ablation probe is provided having a shaft with 
a proximal end portion and a tongue-shaped distal end portion 
sized to fit within confined (e.g., narrow) spaces within the 
patient's body, such as the spaces around the articular 
cartilage between the femur and tibia and the spaces between 

10 adjacent vertebrae in the patient's spine. The probe includes 
at least one active electrode integral with or coupled to the 
tongue- shaped distal end portion and a connector on the 
proximal end portion for coupling the active electrode to an 
electrosurgical generator. The tongue -shaped distal end 

15 portion is substantially planar, and it offers a low profile, 
to allow access to confined spaces without risking iatrogenic 
injury to surrounding tissue, such as articular cartilage. 
Usually, the distal end portion will have a combined height 
(i.e., including the active electrode (s) ) of less than 2 mm 

20 and preferably less than 1 mm. 

In a specific configuration, the distal end portion 
of the probe has an active side and a substantially planar 
non-active side opposite the active side. The active 
electrode (s; are disposed on the active side, and are 

25 insulated from the non-active side to reduce undesirable 
current flow into tissue and surrounding electrically 
conducting fluids. In an exemplary embodiment, the non-active 
side of tongue-shaped end portion includes a substantially 
planar support member underlying and insulated from the active 

30 electrode (s) . The support member provides support for the 

cantilevered electrode (s) , and it has a substantially smooth, 
atraumatic surface opposite the active electrode (s) to 
minimize damage to tissue. 

The active electrode (s) will usually be formed with 

35 edges, corners, surface asperities or the like to maximize the 
electric field intensities around the electrode surfaces. In 
a preferred configuration, the probe includes a plurality of 
active electrodes extending axially from the distal end of the 
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shaft and having a semi-cylindrical cross-section formed by, 
for example, removing material from a round or hollow tube. 
The electrodes are spaced from each other and supported by the 
underlying tongue- shaped support member. The edges formed by 
the semi -cylindrical cross-section will face away from the 
support member to form an active, high electric field 
intensity zone for ablation of tissue. In an exemplary 
embodiment, the electrodes are electrically isolated from each 
other and coupled to current -limiting elements or circuitry to 
limit current flow based on the impedance between the active 
electrode and the return or dispersive electrode. 

Similar to previous embodiments, the planar ablation 
probe will usually include a return electrode to facilitate 
operation in the bipolar mode. However, the probe can be 
utilized in the monopolar mode with a separate, dispersive 
electrode pad attached to the patient's skin, for example. In 
one configuration, the shaft of the probe comprises an 
electrically conducting material with an insulating layer 
covering the conducting material to protect surrounding tissue 
from electric current. The shaft includes an exposed portion 
spaced proximally from the active electrode (s) to generate a 
current return path therebetween. 

A further understanding of the nature and advantages 
of the invention will become apparent by reference to the 
remaining portions cf the specification and drawings. 

BRIEF DESCRIPTION OP THE DRAWINGS 

Fig. 1 is a perspective view of a representative 
electrosurgical system including an electrosurgical 
resectoscope, an electrically conducting liquid supply and an 
electrosurgical power supply constructed in accordance with 
the principles of the present invention; 

Fig. 2 is an enlarged perspective view of the 
resectoscope of Fig. 1 incorporating a return electrode 
oversheath and a resecting loop assembly according to the 
present invention ; 
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Fig. 3 illustrates an introducing sheath of zhe 
resectoscope of Fig. 2; 

Fig. 4 illustrates the return electrode oversheath 

of Fig. 2; 

Fig. 5 illustrates a cross-sectional view of the 
proximal portion of the resectoscope of Fig. 2, illustrating 
the electrical connection with the return electrode 
oversheath; 

Fig. 6 is a cross -sectional view of a proximal 
portion of the resectoscope in Fig. 2, illustrating the 
electrical connection with the resecting loop assembly; 

Fig. 7 is a top section view of a proximal portion 
of the resectoscope ; 

Fig. 8A illustrates the resecting loop assembly of 

Fig. 2; 

Fig. 8B illustrates an alternative resecting loop 
assembly incorporating a return electrode; 

Fig. 9 is a section of a distal portion of the 
resecting loop assembly of Fig. 5, illustrating a resecting 
loop electrode; 

Fig. 10A is a front view of the resecting loop 
electrode; < 

Figs. 10B-10D illustrate alternative geometries for 
the resecting loop electrode; 

Fig. 11 is an enlarged view of the resecting loop 

electrode; 

Fig. 12 is a schematic view illustrating the 
resecting loop electrode of Fig. 9 resecting a tissue portion 
at a target site; 

Fig. 13 is an alternative embodiment of the 
resecting loop electrode of Fig. 9; 

Fig. 14 is a transverse cross-sectional view of the 
resecting loop electrode of Fig. 9; 

Figs. ISA and 15B are transverse cross-sectional 
views of alternative loop electrodes according to the present 
invention; 
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Figs. 16A-16E, 17A, L7B, 18A, 18B, 19, 20A and 20B 
illustrate alternative electrode conf igurations according to 
the present invention; 

Fig. 21 illustrates a method of transurethral 
resection of prostate tissue with the electrosurgical system 
of ?ig. 1; 

Fig, 22 is an enlarged view illustrating the 
resection of a prostate tissue portion with the resecting loop 
electrode of the present invention; 

Fig. 23 illustrates a planar ablation probe for 
ablating tissue in confined spaces within a patient's body 
according to the present invention; 

Fig. 24 illustrates a distal portion of the planar 
ablation probe of Fig. 23; 
15 Fig. 25A is a front sectional view of the planar 

ablation probe, illustrating an array of semi -cylindrical 
active electrodes; 

Fig. 25B is a front sectional view of an alternative 
planar ablation probe, illustrating an array of active 
20 electrodes having opposite polarities; 

Fig. 26 is a top, partial section, view of the 
working end of the planar ablation probe of Fig. 23. 

Fig. 27 is a side cross-sectional view of the 
working end of the planar ablation probe, illustrating the 
25 electrical connection with one of the active electrodes of 
Fig, 26; 

Fig. 28 is a side cross -sectional view of the 
proximal end of the planar ablation probe, illustrating the 
electrical connection with a power source connector; 

30 Fig. 29 is a schematic view illustrating the 

ablation of meniscus tissue located close to articular 
cartilage between the tibia and femur of a patient with the 
ablation probe of Fig. 23; 

Fig. 30 is an enlarged view of the distal portion of 

35 the planar ablation probe, illustrating ablation or cutting of 
meniscus tissue; 
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Fig. 31 iiluscrates a method of ablating tissue 
with a planar ablation probe incorporating a single active 
electrode; 

Fig. 32 is a schematic view illustrating the 
ablation of soft tissue from adjacent surfaces of the 
vertebrae with the planar ablation probe of the present 
invention; 

Figs. 33A-33E illustrate another embodiment of the 
resecting loop electrode incorporating two active electrodes; 

Figs. 34A and 34B illustrate a resecting loop 
electrode incorporating two active electrodes connected to a 
common lead; 

Figs. 35A and 35B illustrate a resecting loop 
electrode with three active electrodes; and 

Fig. 36 is a partial side cross-section of an 
alternative embodiment of the return electrode oversheath of 
Fig. 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides a system and method ' 
for selectively applying electrical energy to a target 
location within or on a patient's body # such as solid tissue 
or the like , particularly including procedures within confined 
spaces such as the spaces around the articular cartilage 
between the femur and tibia and spaces between adjacent 
vertebrae in the patient's spine, and procedures that involve 
resection of relatively larger pieces of tissue. For 
convenience, the remaining disclosure will be directed 
specifically to the resection of prostate tissue, and the 
cutting, shaping or ablation of meniscal tissue located 
adjacent articular cartilage and soft tissue covering 
vertebrae. However, it will be appreciated that the system 
and method can be applied equally well to procedures involving 
other tissues of the body, as well as to other procedures 
including open surgery, laparoscopic surgery, thoracoscopic 
surgery, and other endoscopic surgical procedures. Examples 
of such procedures include oral procedures, including gingival 
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tissues and mucosal tissues located in the mouch or epidermal 
tissue on the outer skin, dermatological procedures, such as 
the treatment of tumors, abnormal tissues, and the like or, 
canalizing or boring channels or holes through tissue, such as 
the ventricular wall during transmyocardial revascularization 
procedures. Other procedures include laminectomy/disketomy 
procedures for treating herniated disks, decompressive 
laminectomy for stenosis in the lumbosacral and cervical 
spine, posterior lumbosacral and cervical spine fusions, 
treatment of scoliosis associated with vertebral disease, 
f oraminotomies to remove the roof of the intervertebral 
foramina to relieve nerve root compression and anterior 
cervical and lumbar diskectomies. The present invention is 
also useful for resecting tissue within accessible sites of 
the body that are suitable for electrode loop resection, such 
as the resection of prostate tissue, leiomyomas (fibroids) 
located within the uterus and other diseased tissue within the 
body . 

In addition, the present invention is particularly 
useful in procedures where the tissue site is flooded or 
submerged with an electrically conducting fluid, such as 
isotonic saline. Such procedures, e.g., arthroscopic surgery 
and the like, are described in detail in co-pending PCT 
International Application, U.S. National Phase Serial No. 
PCT/US94/0516B, filed on May 10, 1994, the complete disclosure 
of which has been incorporated herein by reference . 

The electrosurgical probe will comprise a shaft 
having a proximal end and a distal end which supports one or 
more active electrode (s) . The shaft may assume a wide variety 
of configurations, with the primary purpose being to 
mechanically support the active electrode (s) and permit the 
treating physician to manipulate the electrode (s) from a 
proximal end of the shaft. Usually, the shaft will be a 
narrow -diameter rod or tube, more usually having dimensions 
which permit.it to be introduced into a body cavity, such as 
the arthroscopic cavity, through an associated trocar or 
cannula in a minimally invasive procedure, such as 
arthroscopic, laparoscopic, thoracoscopic , and other 
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endoscopic procedures. Thus, zhe shaft will typically have a 
length of at least 5cm for oral procedures and at least 10 cm, 
more typically being 20 cm, or longer for endoscopic 
procedures. The shaft will typically have a diameter of at 
5 least 1 mm and frequently in the range from 1 to 10 mm. In 
the case of open surgical procedures or procedures on the 
external portions of the patient's body (e.g., the skin), the 
shaft may have any suitable length and diameter that would 
facilitate handling by the surgeon. 

10 The shaft may be rigid or flexible, with flexible 

shafts optionally being combined with a generally rigid 
external tube for mechanical support . Flexible shafts may be 
combined with pull wires, shape memory actuators, and other 
known mechanisms for effecting selective deflection of the 

15 distal end of the shaft to facilitate positioning of the 

electrode <s) The shaft will usually include a plurality of 
wires or other conductive elements running axially 
therethrough to permit connection of the electrode (s) to a 
connector at the proximal end of the shaft. Specific shaft 

20 designs will be described in detail in connection with the 
figures hereinafter. 

The present invention may use a single active 
electrode or an electrode array distributed over a distal 
contact surface of a probe. In the case of an electrode 

25 array, the array usually includes (but is not limited to) a 
plurality of independently current -limited and/or power- 
controlled electrodes to apply electrical energy selectively 
to the target tissue while limiting the unwanted application 
of electrical energy to the surrounding tissue and environment 

3 0 resulting from power dissipation into surrounding electrically 
conductive liquids, such as blood, normal saline, and the 
like. The electrodes may be independently current -limited by 
isolating the electrodes from each other and connecting each 
electrodes to a separate power source that is isolated from 

35 the other electrode terminals. Alternatively, the electrodes 
may be connected to each other at either the proximal or 
distal ends of the probe to form a single wire that couples to 
a power source. 
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In an exemplary embodiment, each individual 
electrode in the electrode array is electrically insulated 
from all other electrodes in the array within said probe and 
is connected to a power source which is isolated from each of 
5 the other electrodes in the array or to circuitry which limits 
or interrupts current flow to the electrode when low 
resistivity material (e.g., blood or electrically conductive 
saline irrigant) causes a lower impedance path between the 
common electrode and the individual electrode terminal. The 

10 isolated power sources for each individual electrode may be 
separate power supply circuits having internal impedance 
characteristics which limit power to the associated electrode 
terminal when a low impedance return path is encountered, may 
be a single power source which is connected to each of the 

15 electrodes through independently actuatable switches or may be 
provided by independent current limiting elements, such as 
inductors , capacitors , resistors and/or combinations thereof . 
The current limiting elements may be provided in the probe, 
connectors, cable, controller or along the conductive path 

20 from the controller to the distal tip. Alternatively, the 

resistance and/or capacitance may occur on the surface of the 
active electrode (s) due to oxide layers which form selected 
electrode terminals (e.g., titanium or a resistive coating on 
the surface of metal) . A more complete description of a 

25 system and method for selectively limiting current to an array 
of isolated electrode terminals can be found in commonly 
assigned, co-pending application Serial No. 08/561,958, filed 
November 22, 1996 (attorney docket No. 16238-000700), the 
complete disclosure of which has already been incorporated 

30 herein by reference. 

It should be clearly understood that the invention 
is not limited to electrically isolated electrode terminals, 
or even to a plurality of electrode terminals. For example, 
the array of active electrode terminals may be connected to a 

35 single lead that extends through the probe shaft to a power 
source of high frequency current. Alternatively, the probe 
may incorporate a single electrode that extends directly 
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through the probe shaft or is connected to a single lead that 
extends to the power source. 

In the case of a single electrode, the invention may 
also use current limiting means to apply electrical energy 
5 selectively to the target tissue while limiting the unwanted 
application of electrical energy to the surrounding tissue. 
In this embodiment, the electrode may be connected to current 
limiting elements or to circuitry which limits or interrupts 
current flow to the electrode when low resistivity material 

10 (e.g., blood or electrically conductive saline irrigant) 

causes a lower impedance path between the common electrode and 
the electrode. The current limiting elements or circuitry may 
be configured to completely interrupt or modulate current flow 
to the electrode, for example, when a certain percentage of 

15 the electrode surface is in contact with low resistivity 
material. In one embodiment, the current flow will be 
modulated or completely interrupted when, for example, a large 
portion of the electrode surface is exposed to fluids and, 
therefore, not in contact with the target tissue. In this 

20 manner, current can be selectively applied to the target 

tissue, while minimizing current flow to surrounding fluids 
and adjacent non-target tissue structures. 

According to the present invention, the active 
electrode (s) will have an active portion or surface with 

25 surface geometries shaped to promote the electric field 

intensity and associated current density along the leading 
edges of the electrodes. Suitable surface geometries may be 
obtained by creating electrode shapes that include 
preferential sharp edges, or by creating asperities or other 

30 surface roughness on the active surface (s) of the electrodes. 
Electrode shapes according to the present invention can 
include the use of formed wire (e.g., by drawing round wire 
through a shaping die) to form electrodes with a variety of 
cross -sectional shapes, such as square, rectangular, L or V 

35 shaped, or the like. Electrode edges may also be created by 
removing a portion of the elongate metal electrode to reshape 
the cross -sect ion. For example, material can be ground along 
the length of a round or hollow wire electrode to form D or C 
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shaped wires, respectively , with edges facing in the cutting 
direction. Alternatively, material can be removed at closely 
spaced intervals along the electrode length to form transverse 
grooves, slots, threads or the like along the electrodes. 

Additionally or alternatively, the active electrode 
surface (s) may be modified through chemical, electrochemical 
or abrasive methods to create a multiplicity of surface 
asperities on the electrode surface. These surface asperities 
will promote high electric field intensities between the 
active electrode surface (s) and the target tissue to 
facilitate ablation or cutting of the tissue. For example, 
surface asperities may be created by etching the active 
electrodes with etchants having a PH less than 7.0 or by using 
a high velocity stream of abrasive particles (e.g., grit 
blasting) to create asperities on the surface of an elongated 
electrode . 

Additionally or alternatively, the active electrode 
surface (s) may be provided by assembling alternating layers of 
electrically conductive members (i.e., electrodes) and 
electrically insulating spacers. By way of example, an active 
electrode having multiple circular edges may be constructed 
using alternating layers of concentric, thin metal washers 
(e.g., titanium, stainless steel or the like), having outside 
diameters D. The washers may be separated by thin concentric 
insulating spacers (e.g., anodized aluminum, ceramic, glass, 
glass ceramic, plastic, etc.) having an outside diameter D' 
which is less than D so that the edges of the metal washers 
extend beyond the insulating spacers. The electrode assembly 
can be constructed by placing the metal washers over a 
central, electrically conductive mandrel, which provides for 
electrical communication between the power source and the 
multiple metal "washer" shaped electrodes. In this 
arrangement, the electrodes are preferably at the same source 
polarity since they are in contact with a common electrical 
lead (i.e., mandrel). 

Alternatively, the electrode assembly may include a 
split mandrel having opposite polarities such that adjacent 
metal washers are at opposite polarities to effect one or more 
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pairs of bipolar washer shaped eleccrodes. In this 
conf iguration, the metal electrodes may have any shape 
suitable for the intended ablation or resection of tissue, 
e.g.; square, circular, hexagonal octagonal, triangular, etc. 
5 In addition, the perimeter of the thin metal electrode may be 
stamped, machined, notched or otherwise modified to increase 
the electric field intensity at the working (outer) surface of 
the metal electrode. Also, the metal electrodes (e.g., metal 
washers) may be coated with an electrically insulating layer 

10 (e.g., ceramic, glass or porcelain) of sufficient thickness to 
provide spacing between adjacent electrode members, whether 
the electrode assembly is monopolar or bipolar. The 
insulating coating may extend up to the perimeter of the metal 
electrode (e.g., washer), or it may be recessed from the 

15 perimeter to expose a greater portion of the edges of the 
electrodes. 

In another aspect of the invention, the active 
electrodes will also have a 11 non -active" portion or surface (s) 
to selectively reduce undesirable current flow from the non- 
20 active portion or surface (s) into tissue or surrounding 

electrically conducting liquids (e.g., isotonic saline, blood 
or blood/non-conducting irrigant mixtures) . Preferably, the 
"non- active" electrode surface (s) will be coated with an 
electrically insulating material- This can be accomplished, 
25 for example, with plasma deposited coatings of an insulating 

material, thin- film deposition of an insulating material using 
evaporative or sputtering techniques (e.g., Si0 2 or Si,NJ , dip 

* 

coating or by providing an electrically insulating support 
member to electrically insulate a portion of the external 

30 surface of the electrode. 

The method of the present invention comprises 
positioning an electrosurgical probe adjacent the target 
tissue so that at least one active electrode is brought into 
close proximity to the target site. A return electrode is 

35 positioned within an electrically conducting liquid, such as 
isotonic saline, to generate a current flow path between the 
target site and the return electrode . High frequency voltage 
is then applied between the active and return electrode 


through the current flow path created by the electrically 
conducting liquid in either a bipolar or monopolar manner. 
The probe may then be translated, reciprocated or otherwise 
manipulated to cut the tissue or effect the desired depth of 
ablation. 

The current flow path may be generated by submerging 
the tissue site in an electrical conducting fluid (e.g., 
arthroscopic surgery and the like) or by directing an 
electrically conducting liquid along a fluid path past the 
return electrode and to the target site to generate the 
current flow path between the target site and the return 
electrode. This latter method is particularly effective in a 
dry environment (i.e., the tissue is not submerged in fluid), 
such as open, endoscopic or oral surgery, because the 
electrically conducting liquid provides a suitable current 
flow path from the target site to the return electrode. A 
more complete description of an exemplary method of directing 
electrically conducting fluid between the active and return 
electrodes is described in Serial No. 08/485,219, filed June 
7, 1995 (docket no. 16238-000600), previously incorporated 
herein by reference. The active electrode (s) are preferably 
disposed at the distal end of the probe and the return 
electrode is spaced from the active electrode and enclosed 
within an insulating sheath. This minimizes exposure of the 
return electrode to surrounding tissue and minimizes possible 
shorting of the current between the active and return 
electrodes. In endoscopic procedures, the probe will 
typically be passed through a conventional trocar cannula 
while viewing of the operative site is provided through the 
use of an endoscope disposed in a separate cannula. 

In the method of the present invention, a high 
frequency voltage is applied between the active portion of the 
active electrode (s) and the return electrode to develop high 
electric field intensities in the vicinity of the target 
tissue site. The high electric field intensities lead to 
electric field induced molecular breakdown of target tissue 
through molecular dissociation (rather than thermal 
evaporation or carbonization) . Applicant believes that the 
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tissue structure is volumetrically removed through molecular 
disintegration of larger organic molecules into smaller 
molecules and/or atoms, such as hydrogen, oxides of carbon, 
hydrocarbons and nitrogen compounds. This molecular 
disintegration completely removes the tissue structure, as 
opposed to dehydrating the tissue material by the removal of 
liquid within the cells of the tissue/ as is typically the 
case with electrosurgical desiccation. 

The high electric field intensities may be generated 
by applying a high frequency voltage that is sufficient to 
vaporize the electrically conducting liquid over at least a 
portion of the active electrode (s) in the region between the 
distal tip of the active electrode and the target tissue. 
Since the vapor layer or vaporized region has a reiacively 
high electrical impedance, it increases the voltage 
differential between the active electrode tip and the tissue 
and causes ionization within the vapor layer due to the 
presence of an ionizable species (e.g., sodium when isotonic 
saline is the electrically conducting fluid) , This 
ionization, under optimal conditions, induces the discharge of 
energetic electrons and photons from the vapor layer and to 
the surface of the target tissue. This energy may be in the 
form of energetic photons (e.g., ultraviolet radiation), 
energetic particles (e.g., electrons) or a combination 
thereof. A more detailed description of this phenomena can be 
found in Serial No. 08/561,958, the complete disclosure of 
which has already been incorporated herein by reference. 

The voltage applied between the return electrode and 
the active electrode (s) will be at high or radio frequency, 
typically between about 5 kHz and 20 MHz, usually being 
between about 30 kHz and 2.5 MHz, and preferably being between 
about £0 kHz and 400 kHz. The RMS (root mean square) voltage 
applied will usually be in the range from about 5 volts to 
1000 volts, preferably being in the range from about 50 volts 
to 800 volts, and more preferably being in the range from 
about 100 volts to 4 00 volts. These frequencies and voltages 
will result in peak-to-peak voltages and currents that are 
sufficient to vaporize the electrically conductive liquid and, 
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in turn, create the conditions within the vaporized region 
which result in high electric fields and emission of energetic 
photons and/or electrons to ablate tissue. Typically, the 
peak-to-peak voltage will be in the range of 200 to 2000 volts 
and preferably in the range of 300 to 1600 volts and more 
preferably in the range of 500 to 1200 volts. 

The preferred power source of the present invention 
delivers a high frequency voltage selectable to generate 
average power levels ranging from tens of milliwatts to tens 
of watts up to hundreds of watts per electrode, depending on 
the number of electrodes, the target tissue being ablated, the 
rate of ablation desired or the maximum allowed temperature 
selected for the probe tip. The power source allows the user 
to select the voltage level according to the specific 
requirements of a particular oral surgery, dermatological 
procedure, open surgery or other endoscopic surgery procedure. 

The power source may be current limited or otherwise 
controlled so that undesired heating of electrically 
conductive fluids or other low electrical resistance media 
does not occur. In a presently preferred embodiment of the 
present invention, current limiting inductors are placed in 
series with each independent electrode terminal, where the 
inductance of the inductor is in the range of lOuH to 
50,000uH, depending on the geometry and size of the 
electrode (s) , the electrical properties of the target tissue, 
the desired ablation rate and the operating frequency. 
Alternatively, capacitor- inductor (LC) circuit structures may 
be employed, as described previously in co- pending PCT 
application No. PCT/US94/05168 , the complete disclosure of 
which is incorporated herein by reference. Additionally, 
current limiting resistors may be selected. Preferably, these 
resistors will have a large positive temperature coefficient 
of resistance so that, as the current level begins to rise for 
any individual electrode in contact with a low resistance 
medium (e.g., saline irrigant) , the resistance of the current 
limiting resistor increases significantly, thereby minimizing 
the power delivery from said electrode into the low resistance 
medium (e.g., saline irrigant). 
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As an alternative to such passive circuit 
structures, regulated current flow to each electrode terminal 
may be provided by a mult i -channel power supply. A 
substantially constant current level for each individual 
electrode terminal within a range which will limit power 
delivery through a low resistance path, e.g., isotonic saline 
irrigant, and would be selected by the user to achieve the 
desired rate of cutting or ablation. Such a multi-channel 
power supply thus provides a substantially constant current 
source with selectable current level in series with each 
electrode terminal, wherein all electrodes will operate at or 
below the same, user selectable maximum current level. 
Current flow to all electrode terminals could be periodically 
sensed and stopped if the temperature measured at the surface 
of the electrode array exceeds user selected limits . 
Particular control system designs for implementing this 
strategy are well within the skill of the art. 

Yet another alternative involves the use of a power 
supply for energizing one or more electrodes having use of one 
or more channels of user-selectable voltage levels. The 
channels would incorporate an active control mechanism for 
limiting current levels below a preselected maximum level. 
The preselected maximum current level depends on the size and 
configuration of the electrode (s) , and may be "factory" set or 
•user selectable. Alternatively, an indicator device may be 
included in the probe (e.g., a resistor having a resistance 
value which corresponds to the maximum current level 
appropriate to a specific electrode configuration) such that 
the power supply can (1) first measure the indicator device 
value (e.g., measure the resistance of the indicator) 
contained within the probe; and (2) then set the maximum 
current level which corresponds to that resistance value. In 
this manner, a range of probe designs having greatly differing 
electrode size (s) and conf iguration(s) can be energized since 
* the power supply will automatically adjust the maximum current 
level to correspond to each particular electrode size and 
configuration . 
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Yet another alternative involves the use of one or 
several power supplies which allow one or several electrodes 
to be simultaneously energized and which include active 
control means for limiting current levels below a preselected 
maximum level. In this arrangement, only one or several 
electrodes would be simultaneously energized for a brief 
period. Switching means would allow the next one or several 
electrodes to be energized for a brief period. By 
sequentially energizing one or several electrodes, the 
interaction between adjacent electrodes can be minimized (for 
the case of energizing several electrode positioned at the 
maximum possible spacing within the overall envelope of the 
electrode array) or eliminated (for the case of energizing 
only a single electrode at any one time). As before, a 
resistance measurement means may be employed for each 
electrode prior to the application of power wherein a 
(measured) low resistance (below some preselected level) will 
prevent that electrode from being energized during a given 
cycle. By way of example, the sequential powering and control 
scheme of the present invention would function in a manner 
similar to an automobile distributor. In this example, an 
electrical contact rotates past terminals connected to each 
spark plug. In this example, each spark plug corresponds to 
the exposed surface of each of the electrodes. In addition, 
the present invention includes the means to measure the 
resistance of the medium in contact with each electrode and 
cause voltage to be applied only if the resistance exceeds a 
preselected level. 

During the surgical procedure, the distal end of the 
probe or the active electrode (s) will usually be maintained at 
a small distance away from the target tissue surface. This 
small spacing allows for the continual resupply of 
electrically conducting liquid into the interface between the 
active electrode (s) and the target tissue surface. This 
continual resupply of the electrically conducting liquid helps 
to ensure that the thin vapor layer will remain between active 
electrode (s) and the tissue surface. In addition, dynamic 
movement of the active electrode (s) over the tissue site 
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allows the electrically conducting liquid to cool the tissue 
surrounding recently ablated areas to minimize thermal damage 
to this surrounding tissue. Typically, zhe active 
electrode (s) will be about 0 . 02 to 2 mm from the target tissue 
5 and preferably about 0.05 to 0.5 mm during the ablation 

process. One method of maintaining this space is to translate 
and/or rotate the probe transversely relative to the tissue, 
i.e., a light brushing motion, to maintain a thin vaporized 
layer or region between the active electrode and the tissue. 
10 Of course, if coagulation of a deeper region of tissue is 

necessary (e.g., for sealing a bleeding vessel imbedded within 
the tissue) , it may be desirable to press the active 
electrode (s) against the tissue to ef f ecc joulean heating 
therein. 

15 In one embodiment of the invention, the active 

electrode or the electrode array will have an exposed length 
in the range from about 2.5 to 12.5 mm. With these electrode 
lengths, applicant has found that current -limiting inductors 
having values of about 0 to lOOuH, preferably about 25 to 

20 50uH, are suitable for establishing the requisite conditions 
for selective ablation described above (i.e., the generation 
of sufficient electric field intensities to form a vapor layer 
in the electrically conducting liquid and to induce the 
discharge of energy through the vapor layer to ablate tissue 

25 while minimizing substantial necrosis beyond several cell 
layers) . Of course, the active electrode (s) may have a 
substantially smaller exposed length away from the probe than 
described above (on the order of about 0 to 0.5 mm) . This 
conf iguration is described in Serial No. 08/561,958 (attorney 

30 docket 16238-000700) , the complete disclosure of which has 
already been incorporated herein by reference. 

Referring to the drawings in detail, wherein like 
numerals indicate like elements, an electrosurgical system 11 
is shown constructed according to the principles of the 

35 present invention. Referring to Fig. 1, electrosurgical 

system 11 generally comprises an electrosurgical resectoscope 
10 incorporating a resecting loop assembly 12 with an active 
electrode (not shown in Fig. 1) , and a return electrode 
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oversheath 16 circumscribing a portion cf the resecting loop 
assembly 12 . The resectoscope 10 is connected to a power 
supply 28 for providing high frequency voltage co the active 
electrode and a liquid source 21 for supplying electrically 
conducting fluid 50 to a target tissue !see Figs. 21 and 22) . 
A liquid supply tube 15 removably couples liquid source 21 , 
(e.g., a bag of fluid elevated above the surgical site or 
having a pumping device), with return electrode oversheath 16. 
A manual control valve 17 may also be provided between the 
proximal end of return electrode 16 and supply tube 15 to 
allow the surgical team to regulate the flow of electrically 
conducting liquid 50 . 

Power supply 28 has a selector 3 0 for varying the 
applied voltage level. Power supply 28 also includes a 
mechanism for energizing the active electrode of resectoscope 
10 through the depression of a pedal 39 in a foot pedal 37 
positioned close to the user. The foot pedal 37 will usually 
include a second pedal 38 for remotely adjusting the energy 
level applied to electrode 14. In an exemplary configuration, 
first pedal 37 will apply a higher voltage level suitable for 
cutting and ablating tissue and second pedal 3 8 will apply a 
lower voltage level suitable for coagulating and sealing 
tissue, such as a transected blood vessel (discussed in 
further detail below) . A specific design of one power supply 
which may be used with the electrosurgical probe of the 
present invention is described in parent application PCT US 
94/051168, the full disclosure of which has previously been 
incorporated herein by reference. 

Referring to Figs. 2-11, resectoscope 10 is 
preferably a conventional or specialized resectoscope that is 
adapted for use with resecting loop assembly 12 and return 
electrode oversheath 16 according to the present invention. 
Existing resectoscopes useful with the present invention can 
be found under the trade names of USA Elite System 
Resectoscope from Circon/ACMI of Stamford, Connecticut and OES 
Resectoscope from Olympus Corporation of Lake Success, N.Y.. 
Loop assembly 12 and oversheath 16 may also be used without a 
resectoscope. In this configuration, the surgeon may use 
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other means for viewing the surgical site, such as ether 
endoscopes. Resectoscppe 10 generally includes a proximal 
handle 64, and an introducing sheath 60 (Fig. 2) having a 
hollow, tubular shaft 62 for axially receiving loop assembly 
12. Sheath 60 also includes a proximal hub 9B for connecting 
sheath 60 to handle 64 and return electrode oversheath 16 
(discussed in detail below). As shown in Fig. 2, handle 64 
includes a viewing assembly 66, an irrigant/suction assembly 
68 and an actuation assembly 70 for axially reciprocating loop 
assembly 12 relative to shaft 62. 

Referring to Figs. 2, 6 and 7, actuation assembly 70 
includes a coupling housing 72 having an outer knob or 
thumbscrew 74 that can be tightened to secure a proximal 
connector leg 76 of loop assembly 12 to an electrically 
conducting inner sleeve member 78 of coupling housing 72 (Fig. 
7) . Sleeve member 78 electrically couples leg 76 to a 
resecting loop terminal 80 (Fig. 6), which can be removably 
coupled to power supply 28 to provide power to loop assembly 
12 (discussed in further detail below) . Coupling housing 72 
is axially translatable relative to introducing sheath 60 so 
that resecting loop assembly 12 can be axially translated 
relative to the distal end 94 of tubular shaft 62 (see Fig. 
3), As shown in Fig. 2, resectoscope 10 will usually include 
a finger loop 82 and a thumb loop 84 suitably connected to 
housing 72 for reciprocating housing 72 and loop assembly 12 
relative to the distal end 94 of shaft 62. Of course, it will 
be recognized that other control means for axially 
reciprocating loop assembly 12 can be utilized with the 
present invention, such as rotatable knobs, trigger buttons, 
and the like. 

Referring to Figs, 4 and 5, electrosurgical system 
11 will preferably include a return electrode oversheath 16 
for completing the current path between active electrode 14 
and power supply 28 (discussed in detail below) . It should be 
made clear, however, that the present invention is not limited 
to a bipolar modality and, may utilize a monopolar mode. In 
this configuration, return electrode oversheath 16 is not 
required. Instead, voltage is applied between an active 
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electrode 14 and a dispersive electrode plate externally 
attached to the patient's skin such that electric current 
flows from active electrode 14, through the patient's body, to 
the dispersive electrode. 
5 Return electrode oversheath 16 generally includes an 

electrically conducting, hollow shaft 86 coupled to a proximal 
housing 88 with a suitable epoxy adhesive, for example. The 
inner and outer surfaces of shaft 86 are covered with an 
electrically insulating layer 90 over the entire length of 

10 shaft 86 except for a distal end portion 92, which remains 

exposed to generate a current path from active loop assembly 
12 (discussed below) . Electrically insulating layer 90 may 
comprise a heat shrinkable tubing material, such as Kynar™, or 
it may be a deposited coating, such as Parylene 711 , 

15 polytetraf luoroethylene, polyimide, or the like. The 

provision of the electrically insulating layer 90 over return 
electrode shaft 86 prevents direct electrical contact between 
the return electrode and any adjacent body structure or the 
surgeon. Such direct electrical contact between a body 

20 structure (e.gr., tendon) and an exposed return electrode 

member could result in unwanted heating and necrosis of the 

i 

structure at the point of contact causing necrosis. If return 
electrode oversheath 16 is being used with an electrically 
insulating resectoscope sheath (e.g., a plastic tubular 

25 sheath) , the inner surface of shaft 86 may remain exposed 
(i.e. , no electrically insulating layer 90) . 

Return electrode shaft 86 will have an inner 
diameter large enough to slide shaft 86 over tubular shaft 62 
of introducing sheath 60 (Fig. 5) . Distal end portion 94 of 

30 shaft 62 is introduced through an opening 96 in proximal 
housing 88 and axially delivered through return electrode 
shaft 86 until housing 88 abuts against proximal hub 98 of 
introducing sheath 60. Return electrode oversheath 16 further 
includes a fastener, such as a thumbscrew 100, to secure the 

35 return electrode to introducing sheath 60. As shown in Fig. 
5, return electrode shaft 86 has an opening 102 aligned with 
thumbscrew 100 so that the thumbscrew 100 can engage tubular 
shaft 62 of introducing sheath 60. Thumbscrew 100 preferably 
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comprises an electrically insulacing material, such as Ultenr\ 
to minimize electrical shock to the surgeon during use of 
resectoscoDe 10 . 

Referring to Figs. 1 and 5, resectoscope 10 is 
electrically connected to power supply 28 with cable 34, which 
is removably connected to power supply 28 by a power supply 
connector plug 26. Cable 34 includes an adaptor 130 that 
branches into a first lead 132 which is removably connected 
via plug 134 to a return electrode terminal 136, e.g., a 
minibananna plug, and a second lead 138 which is removably 
connected via plug 140 to resecting loop terminal 80 (Fig. 
21) . As shown in Fig. 5, return electrode plug 134 includes a 
recessed electrical receptacle 142 which permits plug 134 to 
be inserted into a cavity 144 of return electrode housing 88. 
This provides a fluid-tight seal between housing 88 and plug 
134 to minimize the possibility of electrical shock to the 
surgeon or patient if the controller is energized prior to the 
complete connection of plug 134 and electrode terminal 136. 

As mentioned above, handle 64 of resectoscope 10 
will also usually include a viewing assembly 66 and an 
irrigant/suction assembly 68. As shown in Fig. 2, viewing 
assembly 66 includes a hub 150, a telescopic lumen 152 
extending through shaft 62 of introducing sheath 60 and an 
eyepiece 154 coupled to lumen 152 to permit viewing of the 
target site by the physician. Alternatively, a camera (not 
shown) may be attached to the proximal end of hub 150 to allow 
display of the surgical site on a video monitor. A fiberoptic 
light source (not shown) is typically attached to hub 150 to 
illuminate the target site. Irrigant/suction assembly 68 
includes proximal hub 98 of introducing sheath 60, and a 
connector 160 extending from hub 98 and coupled to supply line 
15 for introducing a sterile irrigant, typically isotonic 
saline, to the surgical site. Connector 160 is fluidly 
coupled to an axial lumen 162 within shaft 62 (see Fig. 3) . 
Fluid may also be withdrawn through axial lumen 162 or a 
second lumen (also not shown) within shaft 62 to withdraw 
contaminated fluids from the surgical site and to facilitate 
the surgeon's view. 
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Referring to Figs. 8-11, an exemplary resecting loop 
assembly 12 according to the present invention will now be 
described. Loop assembly 12 generally includes an 
electrically insulating hollow shaft 180 with proximal 
connection leg 76 and a distal active electrode assembly 182. 
Active electrode assembly 182 includes a bifurcated support 
member 184 having a pair of hollow arms 186, 188 extending 
from a distal end 190 of shaft 180. A hollow, electrically 
insulating tubular member 192 extends from each arm 186, 188 
of bifurcated support member 184, and a tubular resecting loop 
electrode 194 extends from each tubular member 192. Tubular 
members 192 will comprise a suitable insulating material 
(e.g., ceramic or glass material, such as alumina, zirconia 
and the like) . The preferred support matrix material is 
alumina, available from Kyocera Industrial Ceramics 
Corporation, Elkgrove, Illinois, because of its good 
electrically insulating properties, high flexural modulus, 
resistance to carbon tracking, biocompatibility, and high 
melting point. 

Alternatively, resecting loop assembly 12 may 
incorporate the return electrode so that only a single 
instrument is required for bipolar resection of tissue (i.e., 
a return electrode oversheath is not required) . By way of 
example (see Fig. 8B) , a resecting loop assembly 12 ' according 
to the present invention includes an electrically conducting 
shaft 180' covered with an outer electrically insulating layer 
181. Shaft 180' includes a distal exposed portion 183 for 
completing the current return path with active electrode 
assembly 182, and a proximal exposed portion 185 for 
connecting return electrode 180 to power supply 28. An 
electrically insulating layer 192 insulates shaft 180 from 
active electrode 196 and exposed portion 185 from proximal 
connection leg 76. 

As shown in Figs. 8 and 10A, loop electrode 194 
comprises an elongate loop body 196 having first and second 
ends 198, 199 coupled to and extending within tubular members 
192. Resecting loop electrode 194 is preferably composed of a 
corrosion resistant, electrically conductive metal or alloy, 
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such as platinum, titanium, rant alum, tungsten, scainiess 
steel, nickel and cobalt -based alloys and the like. It should 
be understood that loop electrode 194 may have configurations 
other than that described above and shown in Figs. 8-n. 
5 Preferred requirements for electrode 194 are that: (1) the 
electrode fits within the available space within the working 
end of a resectoscope, which generally includes fiber optic or 
"glass rod" optical viewing and lighting means, articulating 
resecting means and irrigant supply ports; (2) the electrode 

10 is shaped and sized to allow the surgeon to view the tissue 
site; and (3) the electrode is configured to cue chips or 
small portions of tissue from the target site. Thus, the 
"loop" electrode may have a variety of shapes, such as semi- 
circular, square, triangular, rectangular, or multi-sided 

15 geometry (see Figs. 10B-10D, for example). However, the semi- 
circular loop electrode of Fig. 10A is preferred because it 
easily fits within the cylindrical bore of conventional 
resectoscopes . In addition, this shape tends to facilitate 
good visibility for the surgeon, and it produces rapid 

20 resection of tissue. 

Loop electrode 194 may also comprise a plurality of 
active electrodes that are either coupled together or 
electrically isolated from each other (discussed below) . in 
the latter case, electrosurgical system 11 may include current 

25 limiting elements or circuitry to independently limit current 
to the electrodes based on the impedance between each 
electrode and return electrode 92, as described above. 

Referring to Figs. 8A and 9, electrical connections 
200, such as lead wires, metal tubes or the like, extend 

30 through one or both arms 186, 188 of support member 184 and 

shaft 180 to electrically couple one or both ends 198, 199 of 
resecting loop electrode 196 with connector leg 76. 
Electrical connections 200 are coupled to loop electrode 194 
and connector leg 74 using crimping, soldering, welding or 

35 other suitable methods. Electrical connections 200 are 
preferably covered with an insulating sheath (not shown) 
except for exposed distal and proximal portions of connections 
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200 "hat are coupled to loop electrode 194 and leg 74 , 
respectively. 

As shown in Fig. II , resecting loop electrode 194 
preferably has a semi -cylindrical transverse cross-section 
along its entire length to form first and second ends 204, 206 
that define a slot 208 therebetween. Ends 204, 206 each 
define relatively sharp. edges 210 that promote high electric 
field intensities around ends 204, 206 to enhance the tissue 
cutting capabilities of resecting loop assembly 12. Ends 204, 
206 and edges 210 of loop electrode 194 form an active portion 
of electrode that promotes sufficiently high electric field 
intensities sufficient to reach the threshold conditions for 
formation of a vapor layer in the electrically conductive 
liquid, as discussed above. For surgical procedures involving 
tissue resection, resecting loop electrode 194 is preferably 
oriented so that ends 204, 206 are generally parallel to the 
cutting direction (i.e., facing the target tissue, see Fig. 
14) . This orientation facilitates the formation of a vapor 
layer between ends 204, 206 and the target tissue and directs 
the energy induced from the vapor layer to the target tissue. 

As shown in Figs. 11 and 12, loop electrode 194 
further includes a non-active portion 212 on the opposite side 
from ends 204, 206. Non-active portion 212 preferably defines 
a relatively smooth surface to reduce the electric field 
intensities around portion 212, thereby minimizing undesirable 
current flow into fluids and surrounding tissue. In addition, 
non- active portion 212 may include an insulating layer (not 
shown) to further minimize undesirable tissue damage. This 
configuration allows the surgeon to more selectively ablate 
tissue at the target site. 

In an exemplary configuration, loop electrode 194 is 
formed from a hollow tube that is filed or ground down to form 
the semi -circular or "C" shaped cross section. The filing 
operation creates four relatively sharp corners 210 along the 
length of the bipolar loop electrode 194, as shown in Fig. 11. 
In order to maximize the spacing between the inner electrode 
edges 210 while maintaining the strength of loop electrode 
194, "he thin metal wall tubing is filed or ground up to, but 
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not exceeding che diametral line of the cubing. Usually, loop 
electrode 194 will have an outside diameter of about 0.005 to 
0.03 inch and a wall thickness of about 0.001 to 0.01 inch. 

Figs. ISA and 15B illustrate alternative embodiments 
of bipolar loop electrode 194. As shown in Fig. 15A # loop 
electrode 194 may have a "D" shaped cross section having a 
substantially planar active surface 3 00. In this embodiment, 
electrode 194 is preferably fabricated from a solid wire that 
is ground or filed down similarly to the n C" shaped electrode 
configuration discussed above to form electrode edges 210. As 
shown in Fig. 15B, electrode 194 may also have a double 
slotted configuration that is generally formed by grinding 
both sides of a hollow tube. Alternatively, loop electrode 
194 may be constructed from a formed wire (e.g., a round wire 
that has been drawn through a shaping die) shaped to create 
corners on the periphery of the extended loop electrode 
surface. Figs. 16A-16E illustrate examples of electrode 
cross -sectional shapes that may be used with the present 
invention. 

Figs. 17A, 17B, 18A, 18B and 19 illustrate other 
alternatively shaped electrodes having transverse grooves or 
slots formed therein to promote high electric field 
intensities. Referring to Figs. 17A and 17B f loop electrode 
302 comprises an elongate body 3 04 having a plurality of 
spaced, transverse slots 306 (Fig. 17A) or grooves 308 (Fig. 
17B) formed therein. The electrode edges 210 of slots 306 and 
grooves 308 will generally form the "active" portion of the 
electrode, while an opposing, substantially planar surface 310 
forms the "non-active" portion of the electrode 302. An 
insulating layer (not shown) may be formed over surface 310 to 
prevent undesirable current flowing from this surface 310 to 
adjacent tissue. This allows the surgeon to selectively 
channel relatively high intensity electric fields towards the 
target site, while minimizing damage to non-target tissue 
surrounding the target site. Alternatively, electrode 3 02' 
may include grooves 312 on both sides so that both sides of 
electrode 3 02' are "active", as shown in Fig. 18A by virtue of 
the electrode edges 210 formed by the grooves or slots 312. 
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Referring to Figs. 18B and 19, electrode 314 may 
have a "necklace 11 shape, in which electrode members are pre- 
shaped, perforated and then placed on an elongate support 
member (similar to beads on a necklace) . Referring to Fig. 
18B, one embodiment of electrode 314 includes an elongate 
support member 316, which may comprise an' electrically 
conducting or insulating material, and a plurality of 
electrode disks 318 having an inner hole for receiving support 
member 316. Electrode disks 318 may be in contact with each 
other or longitudinally spaced from each other. In the latter 
configuration, support member 316 will be electrically 
conducting to electrically connect the disks 318 with each 
other. Referring to Fig. 19, each electrode disk 318 may be 
separated from each other by an insulating spacer 320. In 
this embodiment, the electrodes 318 may be electrically 
isolated from each other so that current limiting elements can 
be utilized to minimize undesirable current flow into 
surrounding fluids, as described above. 

Figs. 20A and 20B illustrate further ■ alternative 
embodiments of the loop electrode according to the present 
invention. As shown in Fig. 20A, a formed wire has been 
shaped (e.g., by a shaping die) to form a "V" shape electrode 
330. Since the ends 331, 332 of the "V" will promote high 
electric field intensities, they will preferably face in the 
cutting direction. In addition, an insulating layer 334 is 
formed onto the backside 335 of the n V ,f . Similarly, Fig. 20B 
illustrates a "C n shaped electrode 33 6 having ends 337, 33 8 
facing the cutting direction and an insulating layer 340 cover 
an opposite side 342 of electrode 336. 

As shown in Figs. 8A and 9, resecting loop electrode 
194 is aligned with a plane forming an obtuse angle with the 
longitudinal axis of shaft 180. The obtuse angle is usually 
about 110 to 170 degrees, preferably about 120 to 150 degrees. 
During tissue resection, applicant has found that this 
orientation significantly facilitates initiating the requisite 
conditions for forming the vapor layer and inducing the 
discharge of energy therefrom. In this orientation, a greater 
fraction of loop electrode 194 is in direct contact with the 
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tissue so chat a greater fraction of the applied energy is 
directed to the tissue to be resected and a greater length of 
the resection loop is employed to cut the same depth of 
tissue. Thus, the duration of electrode contact with tissue 
5 is at least 30%, and usually at least 40%, greater at the 120° 
to 150° orientation than at the 90° orientation (see Fig. 15) . 
This results in improved hemostasis of the resected tissue 
because there is more time to seal transected blood vessels 
with each pass of the resecting loop. In addition, a smaller 

10 fraction of loop electrode 194 is exposed to electrically 
conducting fluid surrounding the tissue, which minimizes 
undesirable current flow through this fluid. 

Referring now to Figs. 21 and 22, a method for 
applying electrical energy to a target tissue in the patient's 

15 body will now be described. In particular, an exemplary 
procedure for treating an enlarged prostate 222 with 
electrosurgical system 11 will be described. Introducing 
sheath 60, return electrode oversheath 16, resecting loop 
assembly 112 are introduced transurethrally to the urethra 226 

20 within prostate 222. In the monopolar mode, return electrode 
oversheath 16 will not be introduced, and a dispersive 
electrode (not shown) will be externally attached to the 
patient's skin. While viewing the region via telescope 
eyepiece 154, voltage can be applied from power supply 28 (see 

25 Fig. 1) between resecting loop electrode 194 and the exposed 
portion 92 of return electrode 16. Preferably, the applied 
voltage levels will be above about 500 volts (peak-to-peak) . 
The cutting and resection of prostatic tissue 222 is achieved 
by engaging resecting loop electrode 194 against the prostatic 

30 tissue or positioning loop electrode 194 in close proximity to 
the prostatic tissue while simultaneously applying voltage 
from power supply 28 and axially displacing loop electrode 194 
towards the distal end of introducing sheath 6 0 as illustrated 
by resection vector 299 in Fig. 22. 

35 To complete the current path between the exposed 

portion 92 of the return electrode and resecting loop 
electrode 194, electrically conducting irrigant (e.g., 
isotonic saline) will preferably be delivered from liquid 
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supply 21 through connector 160 along a liquid path between 
return electrode oversheath 15 and tubular shaft 62 to the 
target site. Alternatively, che site may already be submerged 
in liquid (e.g., arthroscopic procedures), or the liquid may 
5 be delivered through another instrument. The electrically 

conducting liquid provides a pathway for electrical current 
flow between prostatic tissue 222 and return electrode 92, as 
illustrated by the current flux lines 360 in Fig. 22. When a 
voltage difference is applied between loop electrode 194 and 

10 return electrode 92 , high electric field intensities will be 
generated at the shaped edges 210 of electrode 194 to cause 
ablation of tissue 222. 

Referring now to Fig. 22, the design of the surface 
geometry of resecting loop electrode 194 promotes high current 

15 densities at the surface of electrode 194, especially at the 
shaped edges. In contrast, the current density decreases 
rapidly with distance from the surface of resecting loop 194. 
Since the extent of the exposed portion 92 of return electrode 
will be about 2 to 4 cm, the surface area of exposed portion 

20 92 will be about 5 to 10 cm 2 . In contrast, the surface area 
of the resecting loop electrode 194 is about 0.003 cm 2 . As a 
result, the current density at the return electrode 92 is 
1,700 to 3,400 times smaller than at the resecting loop 194 
resulting in current density levels below the threshold of 

25 injury to living tissue. 

The surgeon can usually effect an efficient cutting 
motion by simultaneously coagulating smaller vessels 
transected during the resection of the tissue (see Fig. 22). 
There may, however, be occasions during the resection of 

30 tissue in which larger blood vessels are transected and do not 
become simultaneously sealed (coagulated) by the higher 
current densities which surround loop electrode 194. In such 
situations, resecting loop electrode 194 may be used 
specifically for coagulating and sealing of a transected blood 

35 vessel by engaging the tissue at the locus of the bleeding 
vessel and lightly applying pressure while simultaneously 
applying a lower voltage level, i.e., a voltage level which is 
below the threshold of effecting cutting or resection of 
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tissue. Typically, an applied voltage level of less than 500 
volts (peak-to-peak) , preferably less than 400 volts (peak-to- 
peak) will be sufficient to effect coagulation of transected 
blood vessels without cutting or resection of tissue. This 
5 dual mode of operation of resecting loop 112 is preferably 

accomplished by providing dual footpedal 37, which includes a 
cutting mode pedal 3 9 and a coagulation mode pedal 38. 
Alternatively, the dual mode may be carried out with voltage 

control buttons 30. 

10 During the course of the tissue resection procedure, 

telescopic lumen 152 (Fig. 21) and the attached return 
electrode cversheath 16 can be withdrawn from introducing 
sheath 160 cf resectoscope 10 by releasing a mechanical 
locking member 3 50. Following the withdrawal of the working 

15 elements of resectoscope 10, the open lumen of introducing 
sheath 60 can be used to remove the "chip -shaped" tissue 
portions 3 52 (Fig. 22) formed during the resection process. 

Referring to Figs. 23-32, preferred systems and 
methods for ablating tissue in confined (e.g., narrow) body 

20 spaces will now be described. Fig. 23 illustrates an 

exemplary planar ablation probe 400 according to the present 
invention. Similar to the resectoscope described above, probe 
400 can be incorporated into electrosurgical system 11 (or 
other suitable systems) for operation in either the bipolar or 

25 monopolar modalities. Probe 400 generally includes a support 
member 402, a distal working end 404 attached to the distal 
end of support member 402 and a proximal handle 408 attached 
to the proximal end of support member 4 02. As shown in Fig. 
23, handle 406 includes a handpiece 408 and a power source 

30 connector 410 removably coupled to handpiece 408 for 

electrically connecting working end 404 with power supply 28 
through cable 34 (see Fig. 1) . 

In the embodiment shown in Fig. 23, planar ablation 
probe 4 00 is configured to operate in the bipolar modality. 

3 5 Accordingly, support member 4 02 functions as the return 

electrode and comprises an electrically conducting material, 
such as titanium, or alloys containing one or more of nickel, 
chromium, iron, cobalt, copper, aluminum, platinum, 
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molybdenum, tungsten, tantalum or carbon. In the preferred 
embodiment, support member 402 is an austenitic scainiess 
steel alloy, such as stainless steel Type 304 from MicroGroup, 
Inc., Medway, Massachusetts. As shown in Fig. 23, support 
member 402 is substantially covered by an insulating layer 412 
co prevent electric current from damaging surrounding tissue. 
An exposed portion 414 of support member 4 02 functions as the 
return electrode for probe 400. Exposed portion 414 is 
preferably spaced proximally from active electrodes 416 by a 
distance of about 1 to 20 mm. 

Referring to Figs. 24 and 25, planar ablation probe 
400 further comprises a plurality of active electrodes 416 
extending from an electrically insulating spacer 418 at the 
distal end of support member 4 02. Of course, it will be 
recognized that probe 4 00 may include a single electrode 
depending on the size of the target tissue to be treated and 
the accessibility of the treatment site (see Fig. 30, for 
example) . Insulating spacer 418 is preferably bonded to 
support member 4 02 with a suitable epoxy adhesive 419 to form 
a mechanical bond and a fluid-tight seal. Electrodes 416 
usually extend about 2.0 mm to 20 mm from spacer 418, and 
preferably less than 10 mm. A support tongue 420 extends from 
the distal end of support member 402 to support active 
electrodes 416. Support tongue 420 and active electrodes 416 
have a substantially low profile to facilitate accessing 
narrow spaces within the patient's body, such as the spaces 
between adjacent vertebrae and between articular cartilage and 
the meniscus in the patient's knee. Accordingly, tongue 420 
and electrodes 416 have a substantially planar profile, 
usually having a combined height He of less than 4.0 mm, 
preferably less than 2.0 mm and more preferably less than 1.0 
mm (see Fig. 25) . In the case of ablation of meniscus near 
articular cartilage, the height He of both the tongue 420 and 
electrodes 416 is preferably between about 0.5 to 1.5 mm. The 
width of electrodes 416 and support tongue 420 will usually be 
less than 10.0 mm and preferably between about 2.0 to 4.0 mm. 

Support tongue 420 includes a "non-active" surface 
422 opposing active electrodes 416 covered with an 
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electrically insulating layer (not shown) to minimize 
undesirable current flow into adjacent tissue or fluids. Non- 
active surface 422 is prefierably atraumatic, i,e., having a 
smooth planar surface with rounded corners, to minimize 
unwanted injury to tissue in contact therewith, such as 
articular cartilage, as the working end of probe 4 00 is 
introduced into a narrow, confined body space. Non-active 
surface 422 of tongue 420 help to minimize iatrogenic injuries 
to tissue, such as articular cartilage, so that working end 
4 04 of probe 400 can safely access confined spaces within the 
patient's body. 

Referring to Figs. 25 and 26, an electrically 
insulating support member 4 30 is disposed between support 
tongue 420 and active electrodes 416 to inhibit or prevent 
electric current from flowing into tongue 420. Insulating 
member 430 and insulating layer 412 preferably comprise a 
ceramic, glass or glass ceramic material, such as alumina. 
Insulating member 43 0 is mechanically bonded to support tongue 
420 with a suitable epoxy adhesive to electrically insulate 
active electrodes 416 from tongue 420. As shown in Fig. 26, 
insulating member 430 may overhang support tongue 420 to 
increase the electrical path length between the active 
electrodes 416 and the insulation covered support tongue 420. 

As shown in Figs. 25-27, active electrodes 416 are 
preferably constructed from a hollow, round tube, with at 
least the distal portion 432 of electrodes 416 being filed off 
to form a semi -cylindrical tube with first and second ends 
440, 442 facing away from support tongue 420. Preferably, the 
proximal portion 4 34 of electrodes 416 will remain cylindrical 
to facilitate the formation of a crimp-type electrical 
connection between active electrodes 416 and lead wires 450 
(see Fig. 27) . As shown in Fig. 26, cylindrical proximal 
portions 434 of electrodes 416 extend beyond spacer 418 by a 
slight distance of 0.1 mm to 0.4 mm. The semi -cylindrical 
configuration of distal electrode portion 432 increases the 
electric field intensity and associated current density around 
the edges of ends 440, 442, as discussed above. 
Alternatively, active electrodes 416 may have any of the 
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shapes and configurations described above or other 
configurations, such as square wires, triangular shaped wires, 
U-shaped or channel shaped wires and the like. In addition, 
the surface of active electrodes 416 may be roughened, e.g., 
5 by grit blasting, chemical or electrochemical etching, to 

further increase the electric field intensity and associated 
current density around distal portions 432 of electrodes 416. 

As shown in Fig. 2B, each lead wire 450 terminates 
at a connector pin 452 contained in a pin insulator block 454 

10 within handpiece 408. Lead wires 450 are covered with an 

insulation layer (not shown), e.g., Tefzel™, and sealed from 
the inner portion of support member 4 02 with an adhesive seal 
457 (Fig. 26) . In the preferred embodiment, each electrode 
416 is coupled to a separate source of voltage within power 

15 supply 28. To that end, connector pins 452 are removably 
coupled to mating receptacles 456 within connector 410 to 
provide electrical communication with active electrodes 416 
and power supply 28 (Fig. 1) . Electrically insulated lead 
wires 4 58 connect receptacles 456 to the corresponding sources 

20 of voltage within power supply 28. The electrically 

conductive wall 414 of support member 4 02 serves as the return 
electrode, and is suitably coupled to one of the lead wires 
450. 

In an alternative embodiment, adjacent electrodes 
25 416 may be connected to the opposite polarity of source 28 so 
that current flows between adjacent active electrodes 416 
rather than between active electrodes 416 and return electrode 
414. By way of example, Fig. 25B illustrates a distal portion 
of a planar ablation probe 400' in which electrodes 416a and 
30 416c are at one voltage polarity (i.e., positive) and* 

electrodes 416b and 416d are at the opposite voltage polarity 
(negative) . When a high frequency voltage is applied between 
electrodes 416a, 416c and electrodes 416b, 416d in the 
presence of electrically conducting liquid, current flows 
35 between electrodes 416a, 416c and 416b, 4l6d as illustrated by 
current flux lines 522'. Similar to the above embodiments, 
the opposite surface 420 of working end 404' of probe 400' is 
generally atraumatic and electrically insulated from active 
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electrodes 416a, 416b f 416c and 4l6d :o minimize unwanted 
injury to tissue in contact therewith. 

In an exemplary configuration, each source of 
voltage includes a current limiting element or circuitry (not 
5 shown) to provide independent current limiting based on the 
impedance between each individual electrode 416 and return 
electrode 414. The current limiting elements may be contained 
within the power supply 28, the lead wires 450, cable 34, 
handle 406, or within portions of the support member 4 02 

10 distal to handle 406. By way of example, the current limiting 
elements may include resistors, capacitors, inductors, or a 
combination thereof. Alternatively, the current limiting 
function may be performed by (1) a current sensing circuit 
which causes the interruption of current flow if the current 

15 flow to the electrode exceeds a predetermined value and/or (2) 
an impedance sensing circuit which causes the interruption of 
current flow (or reduces the applied voltage to zero) if the 
measured impedance is below a predetermined value. In another 
embodiment, two or more of the electrodes 416 may be connected 

20 to a single lead wire 4S0 such that all of the electrodes 416 
are always at the same applied voltage relative to return 
electrode 414. Accordingly, any current limiting elements or 
circuits will modulate the current supplied or the voltage 
applied to the array of electrodes 416, rather than limiting 

25 their current individually, as discussed in the previous 
embodiment . 

Referring to Figs. 29-32, methods for ablating 
tissue structures with planar ablation probe 4 00 according to 
the present invention will now be described. In particular, 

3 0 exemplary methods for treating a diseased meniscus within the 
knee (Figs. 29-31) and for removing soft tissue between 
adjacent vertebrae in the spine (Fig. 32) will be described. 
In both procedures, at least the working end 404 of planar 
ablation probe 400 is introduced to a treatment site either by 

3 5 minimally invasive techniques or open surgery. Electrically 
conducting liquid is delivered to the treatment site, and 
voltage is applied from power supply 28 between active 
electrodes 416 and return electrode 414. The voltage is 
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preferably sufficient to generate electric field intensities 
near active electrodes that form a vapor layer in the 
electrically conducting liquid, and induce the discharge of 
energy from the vapor layer to ablate tissue at the treatment 
site, as described in detail above. 

Referring to Fig. 29, working end 404 and at least 
the distal portion of support member 402 are introduced 
through a percutaneous penetration 500, such as a cannula, 
into the arthroscopic cavity 502. The insertion of probe 400 
is usually guided by an arthroscope (not 'shown) which includes 
a light source and a video camera to allow the surgeon to 
selectively visualize a zone within the knee joint. To 
maintain a clear field of view and to facilitate the 
generation of a vapor layer, a transparent, electrically 
conductive irrigant 503, such as isotonic saline, is injected 
into the treatment site either through a liquid passage in 
support member 4 02 of probe 400, or through another 
instrument. Suitable methods for delivering irrigant to a 
treatment site are described in commonly assigned, co-pending 
application Serial No. 08/485,219, filed on June 7, 1995 
(Attorney Docket 16238-000600) , the complete disclosure of 
which has previously been incorporated herein by reference. 

In the example shown in Fig. 29, the target tissue 
is a portion of the meniscus 506 adjacent to and in close 
proximity with the articular cartilage 510, 508 which normally 
covers the end surfaces of the tibia 512 and the femur 514, 
respectively. The articular cartilage 508, 510 is important 
to the normal functioning of joints, and once damaged, the 
body is generally not capable of regenerating this critical 
lining of the joints. Consequently, it is desirable that the 
surgeon exercise extreme care when treating the nearby 
meniscus 506 to avoid unwanted damage to the articular 
cartilage 508, 510. The confined spaces 513 between articular 
cartilage 508, 510 and meniscus 506 within the knee joint are 
relatively narrow, typically on the order of about 1.0 mm to 
5.0 mm. Accordingly, the narrow, low profile working end 404 
of ablation probe 4 00 is ideally suited for introduction into 
these confined spaces 513 to the treatment site. As mentioned 
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previously, zhe substantially planar arrangement cf electrodes 
416 and support tongue 4 20 (typically having a combined height 
of about C. 5 to 1.5 mm) allows the surgeon to deliver working 
end 404 of probe 400 into the confined spaces 513, while 
5 minimizing contact with the articular cartilage 508, 510 (see 
Fig. 30) . 

As shown in Fig. 30, active electrodes 416 are 
disposed on one face of working end 404 of probe 400. 
Accordingly, a zone 520 of high electric field intensity is 

10 generated on each electrode 416 on one face of working end 4 04 
while the opposite side 521 of working end 4 04 is atraumatic 
with respect to tissue. In addition, the opposite side 521 is 
insulated from electrodes 416 to minimize electric current 
from passing through this side 521 to the tissue (i.e., 

15 adjacent articular cartilage 508). As shown in Figs. 30, the 
bipolar arrangement of active electrodes 416 and return 
electrode 414 causes electric current to flow along flux lines 
522 predominantly through the electrically conducting irrigant 
503, which envelops the tissue and working end 404 of ablation 

20 probe 400 and provides an electrically conducting path between 
electrodes 416 and return electrode 414. As electrodes 416 
are engaged with, or positioned in close proximity to, the 
target meniscus 506, the high electric field present at the 
electrode edges cause controlled ablation of the tissue bv 

25 forming a vapor layer and inducing the discharge of energy 

therefrom. In addition, the motion of electrodes 416 relative 
to the meniscus 506 (as shown by vector 523) causes tissue to 
be removed in a controlled manner. The presence of the 
irrigant also serves to minimize the increase in the 

30 temperature of the meniscus during the ablation process 
because the irrigant generally comes in contact with the 
treated tissue shortly after one of the electrodes 416 has 
been translated across the surface of the tissue. 

Referring now to Fig. 32, an exemplary method for 

35 removing soft tissue 54 0 from the surfaces of adjacent 
vertebrae 542, 544 in the spine will now be described. 
Removal of this soft tissue 540 is often necessary, for 
example, in surgical procedures for fusing or joining adjacent 
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vertebrae together . Following the removal of tissue 54 0, zhe 
adjacent vertebrae 542, 544 are stabilized to allow for 
subsequent fusion together to form a single monolithic 
vertebra. As shown, the low-profile of working end 4 04 of 
5 probe 400 (i.e., thickness values as low as 0.2 mm) allows 

access to and surface preparation of closely spaced vertebrae. 
In addition, the shaped electrodes 416 promote substantially 
high electric field intensities and associated current 
densities between active electrodes 416 and return electrode 

10 414 to allow for the efficient removal of tissue attached to 
the surface of bone without significantly damaging the 
underlying bone. The "non-active" insulating side 521 of 
working end 4 04 also minimizes the generation of electric 
fields on this side 521 to reduce ablation of the adjacent 

15 vertebra 542. 

The target tissue is generally not completely 
immersed in electrically conductive liquid during surgical 
procedures within the spine, such as the removal of soft 
tissue described above. Accordingly, electrically conducting 

20 liquid will preferably be delivered into the confined spaces 

513 between adjacent vertebrae 542, 544 during this procedure. 
The fluid may be delivered through a liquid passage (not 
shown) within support member 402 of probe 400, or through 
another suitable liquid supply instrument. 

25 Other modifications and variations can be made to 

disclose embodiments without departing from the subject 
invention as defined in the following claims. For example, it 
should be clearly understood that the planar ablation probe 
400 described above may incorporate a single active electrode, 

30 rather than a plurality of such active electrodes as described 
above in the exemplary embodiment. Fig. 31 illustrates a 
portion of a planar ablation probe according to the present 
invention that incorporates a single active electrode 416' for 
generating high electric field densities 550 to ablate a 

35 target tissue 552. Electrode 416' may extend directly from a 
proximal support member, as depicted in Fig. 31, or it may be 
supported on an underlying support tongue (not shown) as 
described in the previous embodiment. As shown, the 
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representative single active electrode 416' has a semi- 
cylindrical cross-section, similar to the electrodes 416 
described above. However, the single electrode 416' may also 
incorporate any of the above described configurations (e.g., 
5 square or star shaped solid wire) or other specialized 
configurations depending on the function of the device. 

Figs. 33A-33E illustrate another embodiment of a 
resecting loop assembly 12' incorporating two electrodes 560, 
562 which are electrically isolated from direct contact with 

10 each other by an insulating spacer 564. Electrodes 560, 562 
may comprise solid wires, hollow tubes, or any of the cross- 
sectional shapes and configurations discussed above to afford 
regions of high electric field intensity. Similar to the 
above embodiments, the proximal ends of electrodes 560, 562 

15 extend from electrically insulating tubular members 192 , which 
extend from hollow arms 186, 188 of a bifurcated support 
member 184. As shown in Figs. 33D and 33E, electrodes 560, 
562 are each connected to an electrically conducting lead 566, 
567 which, in turn, connect to first and second poles 568, 

20 570, respectively, of the output of power supply 28. With 

this electrical arrangement, current (illustrated by current 
flux lines 572) flows between electrodes 560, 562 when a 
radiof requency voltage difference is applied between poles 
568, 570 of power supply 28. The current effects tissue 

25 cutting ablation, shrinkage and/or coagulation in these 

regions within electrodes 560, 562. A return electrode is not 
utilized in this arrangement and, therefore, return electrode 
oversheath 16 is not necessary. 

Figs. 34A and 34B illustrate another embodiment of 

30 resecting loop assembly 12" in which electrodes 560, 562 are 
each connected to an electrically conducting lead wire 574, 
576 which are connected to a common lead 578. The distal end 
of common lead 578 is connected to a first pole 568 of power 
supply. In this electrical arrangement, return electrode 

35 oversheath 16 (see Fig. 4) will be coupled to second pole 570 
of power supply 28. Thus, when electrodes 560, 562 are in 
contact with tissue and/or electrically conducting fluid and 
an RF voltage difference is applied between poles 568, 570, 
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electrical current flows independently between electrode 560 
and return electrode 16 and between electrode 562 and return 
electrode 16 (as illustrated by current flux lines 580, 582, 
respectively) . 

Figs. 35A and 35B illustrate yet another embodiment 
of resecting loop assembly 12"' incorporating three electrodes 
600, 602, 604 assembled to form loop electrode 194'. Lead 
wires electrically couple electrodes 600, 602, 604 to power 
supply 28. One of the lead wires 608 extends through, and is 
electrically insulated from, electrode 600, as shown in Fig. 
35B. Electrodes 600-604 are mechanically spaced and 
electrically insulated from each other by insulating spacers 
612, 614. Similar to previous embodiments, electrodes 600 and 
S04 extend from electrically insulating tubular members 192, 
which extend from hollow arms 186, 188 of a bifurcated support 
member 184 . 

Fig. 35B illustrates the current flux lines 620, 622 
for one electrical arrangement for connected electrodes 600- 
604 to power supply 28. In this arrangement, electrodes 600, 
604 are connected to first pole 568 of power supply 28 (see 
Figs. 34D and 34E) in a manner similar to that described above 
for resecting loop assembly 12' and electrode 6 02 is coupled 
to second pole 570 of power supply 28 (i.e., return electrode 
16 Is not utilized in this arrangement! . When electrodes 600- 
604 are in contact with tissue and/or electrically conducting 
liquid and an RF voltage difference is applied between poles 
568, 570, electrical current flows between electrodes 600 and 
602 and between electrodes 604 and 602, as illustrated by 
current flux lines 620, 622, respectively. 

Fig. 35A illustrates the current flux lines 624, 
626, 628 for another electrical arrangement for resecting loop 
assembly 12"'. In this arrangement, electrodes 600, 602 and 
604 are independently connected to first pole 568 of power 
supply 28 and return electrode 16 is coupled to second pole 
570 (see Figs. 34A and 34B) . As shown, current flows 
independently between each electrode 600, 602 and 604 and 
exposed portion 92 of return electrode 16. 
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As will be evident to those skilled in the art, the 
foregoing example of resecting loop assembly 12 n/ can be 
extended to configurations having four or more electrodes. 

Figure 3 6 illustrates another embodiment of 
electrosurgical system 11 in which the return electrode sheath 
16' is completely covered with inner and outer insulating 
layers 606, 680 except for an exposed portion 610 at the 
distal end of the sheath 16' that extends beyond the inner 
insulating layer 606. The exposed portion 610 generates a 
current flow path 612 between the resecting loop electrode 12 
and the return electrode 16' . If return electrode 16' is used 
in conjunction with and positioned over an insulated resecting 
loop shaft (not shown) , the return electrode oversheath 16' 
will be insulated on its outer surface only. Alternatively, 
the sheath of the resectoscope can be replaced with a sheath 
having the insulation features and return electrode 
arrangement shown in Fig. 36 such that an additional 
oversheath return electrode is not required. 


• 
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WHAT IS CLAIMED IS ; 

1 1. An electrosurgical instrument for applying 

2 electrical energy to a target site on a structure within a 

3 patient's body, the instrument comprising: 

4 a shaft having a proximal end and a distal end; 

5 one or more active electrodes disposed near the 

6 distal end of the shaft, the active electrodes each having an 

7 active portion with a surface geometry configured to promote 

8 substantially high electric field intensities between the 

9 active portion and the target site when a high frequency 

10 voltage is applied to the electrodes; and 

11 a connector disposed near the proximal end of the 

12 shaft for electrically coupling the electrodes to a high 

13 frequency voltage source. 

1 2. The instrument of claim 1 wherein the surface 

2 geometry of the active portion of each electrode is configured 

3 to generate electric field intensities sufficient to vaporize 

4 an electrically conducting liquid in a thin layer over at 

5 least the active portion of the active electrodes and to 

6 induce the discharge of energy from the vapor layer. 

1 3 - The instrument of claim 1 wherein active 

2 portion of each electrode comprises one or more sharp edges at 

3 the distal end portion for promoting localized electric fields 

4 around the edges . 

1 4. The instrument of claim 1 wherein the active 

2 portion of each electrode comprises surface asperities for 

3 promoting localized electric fields near the surface 

4 asperities. 

1 5. The instrument of claim l further comprising a 

2 return electrode positioned near the active electrodes and 

3 electrically coupled to the connector. 

1 6. The instrument of claim 5 further comprising a 

2 liquid path in communication with the return electrode and the 
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3 target site for directing electrically conducting liquid 

4 between the active electrodes and the return electrode to 

5 generate a current flow path between the target site and the 
S return electrode. 

1 7 . The instrument of claim 1 wherein the active 

2 portion of each electrode comprises an elongate body defining 

3 a non-circular cross-sectional shape. 

1 8 • The instrument of claim 1 wherein the active 

2 portion of each electrode comprises an elongate body defining 

3 a cross-sectional shape selected from a group consisting 

4 essentially of annular, square, rectangular, L-shaped, V- 

5 shaped, D-shaped, C-shaped, star-shaped and crossed-shaped . 

1 9 . The instrument of claim 1 wherein the 

2 electrodes are fabricated by drawing round wire through a 

3 shaping die. 

1 10. The instrument of claim 1 wherein the 

2 electrodes are fabricated by removing material from round, 

3 solid electrodes. 

1 11. The instrument of claim 1 wherein the 

2 electrodes each comprise an elongate body having transverse 

3 grooves formed therein for promoting localized electric fields 

4 around the grooves . 

1 12. The instrument of claim 1 wherein the 

2 electrodes each comprise an elongate, threaded rod having 

3 circumferential grooves formed therein for promoting localized 

4 electric fields around the grooves. 

1 13 . The instrument of claim 1 wherein the distal 

2 end of the shaft comprises a cylindrical support member, 

3 wherein the electrodes annular electrodes each having an inner 

4 hole for receiving the support member. 
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1 14 . The instrument of claim 13 wherein the annular 

2 electrodes have tapered side walls whose thickness is larger 

3 at support member to define grooves between adjacent annular 

4 electrodes for promoting localized electric fields around the 

5 perimeter of the electrodes, the annular electrodes being in 

6 electrical contact with each other. 

1 15. The instrument of claim 13 wherein the annular 

2 electrodes are longitudinally spaced from each other along the 

3 support member . 

1 16. The instrument of claim 13 further comprising 

2 electrically insulating spacers each having a hole for 

3 receiving the support member and being positioned between the 

4 annular electrodes to electrically insulate the annular 

5 electrodes from each other. 

1 17 . The instrument of claim 4 wherein the surface 

2 asperities are formed by a chemical etchant. 

1 IB. The instrument of claim 4 wherein the surface 

2 asperities are formed by an abradable material. 

1 19. The instrument of claim 1 wherein the 

2 electrodes each define a non-active portion, the instrument 

3 further comprising an electrically insulating material 

4 covering the non-active portion of each electrode to 

5 preferentially direct electrical current through the active 

6 portion. 

1 20. An electrosurgical instrument for applying 

2 electrical energy to a target site on a structure within a 

3 patient's body, the instrument comprising: 

4 a shaft having a proximal end and a distal end; 

5 at least one electrode disposed near the distal end 

6 of the shaft, the electrode having one or more active portions 

7 and one or more non- active portions; 
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an electrically insulating material covering the 
non-active portions of the electrode to insulate the non- 
active portions from the target site and preferentially direct 
electrical current through the active portions; and 

a connector disposed near the proximal end of the 
shaft for electrically coupling the electrode to a high 
frequency voltage source. 

21. The instrument of claim 20 wherein the 
electrically insulating material comprises a plasma deposited 
coating on a surface of the non-active portions of the 
electrodes . 

22. The instrument of claim 20 wherein the 
electrically insulating material comprises a thin- film 
deposition of insulating material on a surface of the non- 
active portions of the electrodes. 

23. The instrument of claim 20 wherein the 
electrically insulating material comprises a dip coating of 
insulating material on a surface of the non-active portions of 
the electrodes . 

24. The instrument of claim 20 wherein the non- 
active portions of the electrode are mounted to an 
electrically insulating support member. 

25. The instrument of claim 24 wherein the support 
member comprises an elongate support member having one or more 
longitudinal grooves formed in a surface of the support 
member, the instrument includes a plurality of electrodes 
mounted to the support member such that the non- active 
portions contact the surface within the grooves to insulate 
the non-active portions from the target site. 

26. The instrument of claim 20 further comprising a 
plurality of discrete, electrically insulating members mounted 
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co the non-active portions of the electrode such that the non- 
active portions are insulated from the target site. 

27. The instrument of claim 20 wherein the active 
portions of the electrode have surface geometries configured 
to promote substantially high electric field intensities 
between the active portions and the target site when a high 
frequency voltage is applied to the electrodes. 

28. An electrosurgical system for use with a high 
frequency power supply and an electrically conducting liquid 
supply, the system comprising: 

an electrosurgical probe comprising a shaft having a 
proximal end and a distal end, one or more active electrodes 
disposed near the distal end, and a connector near the 
proximal end of the shaft for electrically coupling the active 
electrodes to the electrosurgical power supply, the active 
electrodes each having an active portion with a surface 
geometry configured to promote substantially high electric 
field intensities between the active portion and the target 
site when a high frequency voltage is applied to the 
electrodes ; and 

a return electrode adapted to be electrically 
coupled to the electrosurgical power supply. 

29. The system of claim 28 wherein the 
electrosurgical probe defines a liquid path from the 
electrically conducting liquid supply, the liquid path being 
in electrical contact with and between the return electrode 
and the active electrodes for generating a current flow path 
between the return and active electrodes. 

30. The system of claim 28 wherein the active 
portion of each electrode comprising one or more sharp edges 
for promoting localized electric fields around the edges . 
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31. The syscem of claim 28 wherein the active 
portion of each electrode has surface asperities for promoting 
localized electric fields near the surface asperities. 

32. The syscem of claim 29 wherein at least the 
active portion of each active electrode is positioned in close 
proximity to the target site in the presence of electrically 
conducting liquid, the surface geometry of the active portions 
promoting high electric field intensities sufficient to 
vaporize the electrically conducting liquid in a thin layer 
over at least a portion of the active electrode surface and to 
induce the discharge of energy from the vapor layer. 

33. The system of claim 28 wherein the active 
electrodes further comprise a non-active portion insulated 
from the target site co preferentially direct electrical 
current through the active portion. 

34. A method for applying electrical energy to a 
target site on a structure within a patient's body, the method 
comprising: 

positioning an active portion of one or more active 
electrodes into at least close proximity with the target site; 

applying high frequency voltage to the active 
electrodes and a return electrode such that an electrical 
current flows from the active electrode, through the body 
structure in the region of the target site*, and to the return 
electrode ; and 

generating substantially high, localized electric 
field intensities between the active portion of each active 
electrode and the target site. 

35. The method of claim 34 further comprising 
locating. the active electrodes within an electrically 
conducting liquid, wherein the electric field intensities are 
sufficient to vaporize the electrically conducting liquid in a 
thin layer over at least the active portion of the active 
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electrodes and to induce -he discharge of energy from the 
vapor layer . 

3G. The instrument of claim 34 further comprising 
generating localized electric fields and associated current 
densities around one or more edges of the active portion of 
each electrode. 

37. The method of claim 34 further comprising 
positioning the return electrode within an electrically 
conducting liquid to generate a current flow path between the 
target site and the return electrode. 

38. The method of claim 34 wherein the generating 
step is carried out by creating surface asperities on the 
active portion of the active electrodes to promote localized 
electric fields near the surface asperities. 

39. The method of claim 3 8 further comprising 
forming the active portion of each electrode from an elongate 
body having a non-circular, transverse cross -sectional shape. 

40. The method of claim 3 9 wherein the cross - 
sectional shape of each elongate electrode body is selected 
from a group consisting essentially of annular, square, 
rectangular, L-shaped, V-shaped, D-shaped, C- shaped, star- 
shaped and crossed- shaped. 

41. The method of claim 34 further comprising 
forming the electrodes by drawing round wire through a shaping 
die . 

42. The instrument of claim 34 further comprising 
the electrodes by removing material from round, solid 

43. The method of claim 34 further comprising 
forming transverse grooves into the active electrodes to 


forming 
wires . 
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2 promote localized high electric field intensities around the 

4 grooves. 

1 44. The method of claim 34 further comprising 

2 forming circumferential grooves around elongate, threaded rods 
2 to promote localized high electric field intensities around 

4 the grooves . 

1 45. The method of claim 38 wherein the surface 

2 asperities are formed by a chemical etchant . 

1 46. The method of claim 38 wherein the surface 

2 asperities are formed by an abradable material . 

1 47. The method of claim 34 further comprising 

2 insulating a non-active portion of the active electrodes to 

3 preferentially direct electrical current through the active 

4 portion. 

1 48. The method of claim 47 further comprising 

2 depositing a plasma deposited coating on a surface of the non- 

3 active portion of each active electrodes. 

1 49. The method of claim 4 7 further comprising 

2 depositing a thin film of insulating material on a surface of 

3 the non-active portion of each active electrodes. 

1 50. The method of claim 47 further comprising dip 

2 coating insulating material on a surface of the non-active 

3 portion of each active electrodes. 

1 51. The method of claim 4 7 further comprising 

2 mounting the non-active portion of each active electrode to an 

3 electrically insulating support member. 

1 52. A method for applying electrical energy to a 

2 target site on a structure within a patient's body, the method 

3 comprising : 
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4 posicioning an active portion of one or more active 

5 electrodes into at least close proximity with the target site 

6 in the presence of an electrically conducting liquid; 

7 positioning a return electrode within the 

8 electrically conducting liquid to generate a current flow path 

9 between the target site and the return electrode; 

10 applying high frequency voltage to the active 

11 electrode and the return electrode such that an electrical 

12 current flows from the active electrode, through the body 

13 structure in the region of the target site, and to the return 

14 electrode through the current flow path; and 

15 generating substantially high, localized electric 

■ 

16 field intensities between the active portion of each active 

17 electrode and the target site, the electric field intensities 

18 being sufficient to vaporize the liquid in a thin layer over 

19 at least a portion of the active electrode surface and to 

20 induce the discharge of energy from the vapor layer. 
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